J/1-nucleon scattering in P} pentaquark
channels

Ur8a Skerbis

@@ Jozef
@@ _ stefan
° Institute

ursa.skerbis@ijs.si
in collaboration with: Sa%a Preloviek

Lattice 2018
East Lansing, July 27th 2018

1/14



Motivation
® In 2015 charmed pentaquark state P:r, decaying into N + J/) was discovered by LHCb (LHCb; PRL,
2015(115),072001).
N+J/p = PF = N+ I/

® Two states were observed:
lower state with J = L mass mpq = 4380 + 8MeV and
c

width [ = 205 + 18MeV
® upper state with J = % mass mp = 4449,8 £+ 1,7MeV and
c

width [ = 39 4 5MeV
states have opposite parity. It is not clear which state is positive and which negative under parity
transformation.

® States with J© = % ,% ,% ,%7 should be seen in irreps 62i and HE

irrep, O, , P=0
G1
H
H® G2
GeH® G

NI~ G LNTH (

5
Myyp [GeV]
This channel was already studied by HALQCD method only for energies below Pc and no bound state was found

(T. Sugiura et. all Proccedings of Lattice 2017 conference, EPJ Web of Conferences 175, 05011 (2018)) 2/14
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Possible channels for strong decay of P}

—

P= !5}i1 + li}iz =0
PY . uudce
Simulation are made in

approximation of 1 channel
scattering for J/v — p

It should be sufficient to
study scattering up to
|pr;|? = 2, we could be
able to see both P states

other possible chanells:
(D~ = +,D° —Af L)

E-1/4(E+3E y)llu]

for meson-nucleon scattering with P=0 on our lattice
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Lattice setup

Properties of used lattice
N3 x Nt a[fm]

L[fm]

#config

mz[MeV]

163 x 32 0.1239(13)

1.98

280

Wilson-Clover action for light quarks

Fermi lab approach for charm quarks

Full distillation:
° J/ip: N, =096
e N: N, =148

266(3)
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Single hadron results

Nucleon
Eeqfl.u]
1.2 * |p|2=0
* lp|2=1
® Both hadrons 10 . . p2e2
I
z — E=0.6987+0.015
(nUCIeon and J//l/} 08 = " — E=0.7598+0.019
meson) were 08 — E=0.8684%0.036
simulated with At
momentum |p|?> = 0, A A
p[> =1 and [p|]* =2
® Nucleon: 3 operators
for each value of J/w Meson
Eeqll.u]
momentum N e
e J/1: 2 operators for 160 e
. pl2=
each value of 158" H 1 — E=1.539:0.00098
— E=1.576+0.0011
momentum 1.56 — E=1.613£0.0014
1.54 oo
8 9
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Combining single hadron correlators

o B = iy + i, =0, O~ N(p)V(p)
® QOperators in Partial wave method:

O|p|’J7mJ:L:S — Z CJmJ C5m5 %

Lmy,Smg ~S1Ms1,S2Ms2
mg,mg,Ms1,Ms2

ReO

1 i : [J’L’S] = J,my |p|7J7mJ7LaS
® Subduction to irrep: O\p|,r,r = ZSFJ 0
my

H& G
GO HD G

All explicit expressions for Hy(p)Ha(—p) operators : (S. Prelovsek, U.S., C.B. Lang ; JHEP 2017(1), 129.).
Partial wave method for NN scattering was considered by CallLat: ( Berkowitz, et. all PLB, 2016(12) 024.)

[SIENNIIE NIV

Subduction coefficients S#’:ﬂj are given in: (J. Dudek, et.all; PRD 2010(82), 034508.)
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Example: Scattering in P pentaquark candidate channel:
forirrep H-and J=32,5=3 L =0and |p]*=0

Anihilation operator for this example is:

O y=l,  (0)= Ni(0) (Ve(0) = iVy(0) 085 co o
B 2 ce— 0 c co—@c
Creation operator: :' v ::><:Z
ae——9 d Y S—y:

oyt (0)=N

J=35=31-0 3
Correlation function:

(0) (V(0) + 1V, (0))

VIN;H™ _ _ H~ AH~ _
CJ:g,s:g,L:o(‘p| =0)= <Q|OJ:%,S:%,L:OOJ:g,s:g,L:o’m =

N 14 ~N 14 (~N 14 N 14
C%‘}% CX%X — IC%*)% CX%y -+ IC%‘}% Cy~)X + C%‘}% Cy*)y
H . _
CPOIsrc—>P0Isnk - <Q| HPOlsnk HPOIsrc ‘Q>

8/14



—
Nlw

(.

Anhilation operators for H~ and |p|> = 1

S=31L=0
O 51el g 1o = Ny (ee) (Ve (o) = iVy (mee)) + Ny (e (Vicler) = Yy () +
Ny (o) (Vo (=) = iVy (=€) + Ny (—ex) (Ve (o) = ¥y (o)) +
N% (ey) (Vx (—ey) —iVy (—¢y)) + N% (—ey) (Vi (&) — iVy (ey))
S=3L=2
Oj’:’%’y’;j%izz(l) = N1 (20 (Va (=) + iVy (=) + Ny (=) (Vi (o) + ¥y (o) =
Ny (&) (e (o) +iVy (=) = Ny (—ey) (Vi () + 1V (&) =
N_ g (0) Ve (—ex) = N_y () Vo o) + Ny (o) Ve (=) + N_y (=) Ve (&)
%, S= %, L=2:
Oj’:’%fi%’bza) = Ny (er) (Va(mer) = Vy (—e2)) o+ Ny (—ez) (Vi (e2) = iVy (&2)) =
N_g () Ve (—e) = N_y (—ex) Ve (&) — Ny () Vi (&) — Ny (—e) Vic(ex) +
N_% (ey) Vz (—ey) + N_% (—ey) Vz (ey) + "N% (&) Vy (—ey) + "N% (—ey) Vy (&)
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Results for irrep H~ with momentum |p]? <1

® 4 x 6 = 24 interpolators
® GEVP: 8 operators

Es forirrep H-

2.6 1=

25F===f---=--mmmmmmmmmmmom oo

24____11__}{__}ZL_JIL_{ﬁ--]ﬁ--{ﬂ__

23 1, e 1

22l o -"I_"T"
4 6 8 10

At
. p2=p1 Dashed
=N y=p

N(2)J/w(-2)

NI y(-1)

N(0)J/(0)

lines:

non-interacting
energy for scattering

® One state for |p|?> =0
and 3 states at

|p|? =
* state [p|2 =0
(J=35=3L=0)
® states with |p|> =1:
(J=3,5=3,L=0)
(J:§S:§,L:2)
(J=3.5=3L=2)

10/14



Expected number of eigenstates for non-interacting
scattering

® degeneracy of states origins from spin of scattered hadrons

e Candidate channels for P+ - JP: %_, %Jr, o %Jr (irreps G, ,
Gy, H= ,HY)

G, Gfr G, GQJr H- HT
|p|2 =0 1 0 0 0 1 0
Ip|> =1 2 2 1 1 3 3
|p|2 =2 3 3 3 3 6 6
total number of states 6 5 4 4 10 9
total number of operators | 36 30 24 24 60 54
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Results for scattering in irrep G,

(PF candidate channel)

P | G
® 1 + 3 states 0 0 p2=p1
® state with |p|22:1: (J:% S= % L=2) 1 1 L N v =
® states with |p|* =2: (J :35:% =2), 2 3
(J=355=31=2),(J=35,5=3,L=1)
# states | 4
Ei forirrep Gy~
2.6 Iz
I
2‘5————I——-—————_II_I__‘IH__'IH__‘]H__' __‘N(Z)J/W(_2)
E) 1
= 241 I
i S S e e | R L U )
2.3
——————————————————————————————— =1 N(0)J/yw(0)
2.2
4 6 é 10
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All calculated energies

> 16 3 3 3 3f| 6-1[fis-2
e = -1 | R
: 1.5
<
£ 14 ) : ; 5 P,(4449)
S 13 I2| 8 3'] ““““““ Po(4380NMIWE) iy (e
&
™
~ 1.2
It 11 | L] N(0)J/y(0)
I .
G~ G Gy Gy H H
®  We are able to see all expected states
® few interpolators are left out- huge
G G 6 G H- Hf errors:
[p* =0 1 0 0 0 1 0 6—1 : oneout of 6
|p|2 =1 2 2 1 1 3 3 interpolators is not used
|p|2 =2 3 3 3 3 6 6 (to avoid large errors)
# states 6 5 4 4 10 9 6 —1 =05 : states observed

® No additional states

® No strong indication of PC+
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Conclusion

Results of one channel approximation for PZ channels were
presented.

All states required by degeneration caused by spin are
observed, but some are left out due to huge errors

In our approximation there is no sign of extra eigenstate or
significant energy shift, which would indicate to P state
P} could be a result of other neglected effects (coupled
channels effect,...)

Future plans:

® Look at other scattering channels which may be related to Pt
® ook at coupled channel effects
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JP L My + mp meson Mmeson Jre . barion Mbarion Jlfarion
[MeV] [MeV] [MeV]
37 ] of 3921 ne(1s) 2083.4 0+ p 938,3 1
0t | 4034 J/ 3096.900 17~ p 938,3 1+
0" 4293 D*0(2007)  2006.85 1~ NE 2286.46  1°
ot 4387 D~ 1869.59 0~ | X/*(2520) 251841 @ 3°
1~ 4352 Xeco 341475  0tt p 938,3 i+
1~ 4448 Xet 3510.66 1t p 938,3 it
311 3921 ne(1s) 2083.4 0 p 938,3 i
1 | 4034 1/ 3096.900 17~ p 938,3 i+
17 | 4151 D° 1864.83 0~ NE 2286.46 17
1~ 4293 D*0(2007)  2006.85 1~ AF 2286.46 17
17 | 4324 D~ 1869.50 0~ | Xf*(2455) 2453.97 i°
1~ | 4387 D~ 1869.59 0~ | ¥/7(2520) 251841 37
ot 4448 Xet 3510.66 1t p 938,3 i+
STl 2f | 3921 ne(1s) 20834 0+ p 938,3 i
2t | 4034 1/ 3096.900 17~ p 938,3 1+
1~ 4448 Xet 3510.66 1t p 0938,3 i+
ST 13| 3021 ne(1s) 2983.4 0 p 9383 17
17 | 4034 1/ 3096.900 17~ p 938,3 1+
17 | 4203 | D*0(2007) 2006.85 1~ AE 2286.46 1
1~ 4387 D~ 18690.59 0~ | £if(2520) 2518.41 2%
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